Introduction {#s1}
============

Inflammation plays a pivotal role in atherogenic process, being the cornerstone in coronary artery disease (CAD). Proinflammatory cytokines and immune factors are involved in the pathogenesis and progression of atherosclerosis, myocardial ischemia/reperfusion injury and heart failure \[[@R01]\]. Immunophilins are a family of peptidyl-prolyl cis/trans isomerases (PPIases) consistently involved in cardiovascular diseases \[[@R02]\]. PPIases include three protein subfamilies: cyclophilins (Cyps), FK506-binding proteins (FKBP) and parvulins. Cyps are some of the most conserved proteins present in eukaryotes and prokaryotes, and they have been implicated in diverse cellular processes and responses to multiple biotic and abiotic stresses \[[@R03]\]. Some of these proteins, such as CypA, CypB, CypD or FKBP51, have been previously associated with CAD \[[@R04]-[@R06]\].

The role of CypA in cardiovascular diseases as a biomarker for CAD has been previously reported \[[@R07]-[@R9]\], but less data are available about other Cyps. There is an important role for extracellular CypA in the pathogenesis of several diseases through receptor (cluster of differentiation 147 (CD147) or other) mediated autocrine and paracrine signaling pathways \[[@R10]\]. CypA reduced reactive oxygen species production and suppressed O~2~ production dependent on reduced nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, which could be a potential target for ischemia-reperfusion injury therapy \[[@R11]\]. Also, CypA has also been involved in arrhythmogenic cardiomyopathy remodeling, characterized by the progressive substitution of functional myocardium with non-contractile fibro-fatty tissue contributing to ventricular arrhythmias and sudden cardiac death \[[@R12]\]. Extracellular Cyps levels are considered as an inflammatory response to injury in many inflammatory processes \[[@R13]\]. In addition, Cyps are related to redox homeostasis, and redox-mediated signaling has an important role in inflammation, atherosclerosis and CAD \[[@R14], [@R15]\]. In another way, inhibiting CypD to inhibit mitochondria permeability transition pore opening protects against ischemia-reperfusion injury, making modulation of CypD activity a potentially important therapeutic goal \[[@R16]\].

CypC has a key role in inflammation related to macrophages activation and has been recently proposed by our group as a novel biomarker in acute CAD patients \[[@R17]\]. In addition, a significant correlation between traditional cardiovascular risk factors and CypC levels were observed in this group of patients \[[@R17]\]. Nevertheless, multiple biomarkers in CAD (troponins, N-terminal pro-brain natriuretic peptide and others) play a key role for diagnosing and prognostication in the acute phase of the events, losing prominence in chronic CAD. We suggest that Cyps could be a marker of coronary disease beyond the acute coronary event, so we studied its levels and the relation with other CAD biomarkers in the acute and chronic phase of CAD.

The aim of the present study was to explore the relationship between Cyps and ischemic heart disease in acute and chronic CAD patients.

Materials and Methods {#s2}
=====================

Population study {#s2a}
----------------

This is an observational prospective study where 125 subjects (40 patients with acute CAD, 40 patients with chronic CAD and 45 control volunteers) were consecutively enrolled. Acute CAD was defined as unstable angina, non-ST segment myocardial infarction or ST-segment myocardial infarction according current European Society of Cardiology (ESC) practical clinical guidelines \[[@R18], [@R19]\]. Chronic CAD was defined as an ischemic heart disease clinically stable without a rise of myocardial biomarkers, as the ESC guidelines defined \[[@R20]\]. Patients were recruited at the Cath-Lab Unit after confirm that they had CAD. All acute CAD patients were admitted to hospital due to an acute coronary syndrome, and all chronic CAD patients were outpatients who came to make a coronary angiography due to clinical indication.

Peripheral blood samples were obtained from all subjects. The blood was centrifuged (3,000 rpm, 10 min at 4 °C) and supernatants were collected and stored at -80 °C until Cyps analysis. After thawed at room temperature, these supernatants were used to measure levels of Cyps (CypA, CypB, CypC and CypD) by enzyme-linked immunosorbent assay (ELISA) kits. Absorbance measurements were done in a microplate reader at 450 and 540 nm for CypA, CypB and CypC, and at 450 nm in the case of CypD. Samples were always run by duplicate. The range of determination was 3.12 - 200 ng/mL for CypA; 31.25 - 2,000 pg/mL for CypB; 23.5 - 1,500 pg/mL for CypC and 62.5 - 4,000 pg/mL for CypD. Serum levels below the lower limit of quantification were undetectable and therefore were considered as 0 pg/mL for statistical analysis. The intra and inter-assay coefficients of variation of the ELISA kits were \< 10%. No cross reactivity was observed between Cyp antibodies. Human cyclophilin A ELISA kit (CSB-E09920H), human cyclophilin B ELISA kit (CSB-E11218H) and human cyclophilin C ELISA kit (CSB-EL018473HU) were obtained by Cusabio. Human Cyclophilin D ELISA kit (E-EL-H1936) was from Elabscience.

Levels of serum interferon γ (IFN-γ), interleukin (IL)-1β, IL-2, IL-6, IL-8, tumor necrosis factor α (TNF-α) and metalloproteinase (MMP)-2 and MMP-9 were determined in serum samples using a magnetic bead-based multiplex immunoassay (Milliplex^®^ Map Kit) according to manufacturer's instructions. Human high sensitivity T cell magnetic bead panel Milliplex® map kit (\#HSTCMAG-28SK; \#HSTCMAG28SPMX13; \#HSTCMAG28SOMX21; \#HSTCMAG28PMX13BK and \#HSTCMAG28PMX21BK) and human MPP magnetic bead panel 2 Milliplex^®^ map kit (\#HMMP2MAG-55K) were purchased from Merck (Madrid, Spain).

Clinical characteristics were obtained for all the patients and control volunteers from their medical history.

The institutional and regional ethical board approved the study (reference: 2016/508, approved date: December 19, 2016, according to the principles outlined in the Declaration of Helsinki). Participants in the present study were informed and a voluntarily written informed consent was obtained from all of them.

Statistics {#s2b}
----------

SPSS24 for windows was used for the statistical analysis. Categorical variables were presented as percentages and continuous variables were presented as means ± standard error of the mean (SEM). Kolmogorov-Smirnov test (with Lilliefors correction) was first performed as a normality test.

Comparisons between three groups (controls, acute CAD and chronic CAD) were made; comparisons between the controls and CAD patients were also made.

Statistical significance in qualitative variables was calculated with Chi-square test. Those continuous variables with normal distribution were compared between two groups using a Student's *t*-test (including Levene's test to assess the equality of variance), otherwise the non-parametric Mann-Whitney test was used. Differences between three groups were calculated using analysis of variance (ANOVA) test.

Receiver-operating-characteristic curves (ROC) were constructed to assess the sensitivity and specificity of Cyps and were used to obtain optimal cut-off points for Cyps in relation to CAD.

Three models of parsimonious logistic regression were constructed to evaluate if relationship between Cyps and CAD was independent of other factors related to CAD.

Results {#s3}
=======

We studied 125 subjects (mean age 57.8 ± 14.5 years; 72.8% male): 40 acute CAD patients (35 men and five women), 40 chronic CAD patients (33 men and seven women) and 45 control volunteers without CAD (23 men and 22 women). The same measurements were done in both populations (CAD patients and controls) and results were compared.

Baseline characteristics and biochemical data were collected in the three groups and showed in [Table 1](#T1){ref-type="table"}.

###### Demographic and Clinical Characteristics

                                                                Controls (n = 45)   Coronary artery disease   P value                                                  
  ------------------------------------------------------------- ------------------- ------------------------- ----------------------- ---------- ---------- ---------- ----------
  Gender (male)                                                 51.1% (23)          82.5% (33)                87.5% (35)              \< 0.001   \< 0.001   0.531      0.002
  Age                                                           45.6 ± 1.5          65.2 ± 1.8                64.2 ± 1.9              \< 0.001   \< 0.001   0.713      \< 0.001
  LVEF (%)                                                      \-                  54.2 ± 10.3               55.6 ± 8.7              \-         \-         0.528      \-
  Cardiovascular risk factors                                                                                                                                          
    Hypertension                                                6.7% (3)            60.0% (24)                47.5% (19)              \< 0.001   \< 0.001   0.262      \< 0.001
    Dyslipidemia                                                13.3% (6)           77.5% (31)                67.5% (27)              \< 0.001   \< 0.001   0.317      \< 0.001
    Active smoker                                               4.5% (2)            17.5% (7)                 37.5% (15)              0.001      0.002      0.045      0.079
    Diabetes                                                    2.2% (1)            35% (14)                  20% (8)                 \< 0.001   0.001      0.248      \< 0.001
    Family history of CAD                                       4.4% (2)            12.5% (5)                 17.5% (7)               0.768      0.651      0.531      0.616
  Medications                                                                                                                                                          
    AAS                                                         0% (0)              77.5% (31)                15% (6)                 \< 0.001   \< 0.001   \< 0.001   \< 0.001
    Clopidogrel                                                 0% (0)              12.5% (12)                7.5% (3)                0.04       0.05       0.712      0.020
    Statins                                                     11.1% (5)           75% (30)                  42.5% (17)              \< 0.001   \< 0.001   0.003      0.100
  Number of coronary artery vessels with significant stenosis                                                                                                          
    0                                                           0 (0%)              2.5% (1)^a^               0% (0)                  \< 0.001   \< 0.001   0.219      \< 0.001
    1                                                           0 (0%)              35% (14)                  47.5% (19)                                               
    2                                                           0 (0%)              22.5% (9)                 30% (12)                                                 
    3                                                           0 (0%)              40.5 (16)                 22.5% (9)                                                
  Type of coronary artery revascularization                                                                                                                            
    None                                                        100% (45)           7.5% (3)                  2.5% (1)                \< 0.001   \< 0.001   0.405      \< 0.001
    PCI                                                         0% (0)              82.5% (33)                92.5% (37)                                               
    CABG                                                        0% (0)              10% (4)                   5% (2)                                                   
  Complete coronary artery revascularization                                                                                                                           
    Yes                                                         0% (0)              40% (16)                  70% (28)                \< 0.001   \< 0.001   0.007      \< 0.001
  Laboratory parameters                                                                                                                                                
    Total cholesterol (mg/dL)                                   201.14 ± 26.98      149.7 ± 33.06             177.05 ± 41.55          \< 0.001   \< 0.001   0.006      \< 0.001
    LDL (mg/dL)                                                 120.77 ± 24.44      81.85 ± 26.32             108.0 ± 34.17           \< 0.001   \< 0.001   0.001      \< 0.001
    HDL (mg/dL)                                                 57.77 ± 15.28       41.15 ± 7.91              36.53 ± 7.95            \< 0.001   \< 0.001   0.024      \< 0.001
    TG (mg/dL)                                                  107.17 ± 40.16      133.78 ± 45.91            164.0 ± 69.69           \< 0.001   \< 0.001   0.053      0.018
    hsCRP (mg/dL)                                               0.49 ± 0.5          8.33 ± 11.64              43.45 ± 45.31           0.001      0.007      0.050      0.040
    ALT (U/L)                                                   22.06 ± 2.38        33.14 ± 19.47             33.32 ± 22.75           0.029      0.008      0.973      0.013
    WBC (number/µL)                                             6,632.35 ± 320.45   7,305.25 ± 1,958.07       10,383.50 ± 4,732.36    \< 0.001   \< 0.001   \< 0.001   0.155
    Lymphocytes (number/µL)                                     2,139.39 ± 113.98   2,030.75 ± 788.78         1,982.50 ± 1,167.70     0.806      0.539      0.829      0.599
    Neutrophils (number/µL)                                     3,757.58 ± 293.36   4,347.5 ± 1,543.06        7,462.50 ± 4,238.39     \< 0.001   \< 0.001   \< 0.001   0.112
    Monocytes (number/µL)                                       548.48 ± 23.08      641.75 ± 222.98           730.00 ± 315.58         0.010      0.037      0.153      0.047
    Hemoglobin (g/dL)                                           13.88 ±1.30         14.33 ± 1.54              14.65 ± 1.54            0.068      0.037      0.326      0.145
    Platelet (number/µL)                                        229,147 ± 52,606    188,250.0 ± 55,290.72     221,925.0 ± 77,988.62   0.013      0.072      0.029      0.002
    Glucose (mg/dL)                                             90.5 ± 32.4         120.28 ± 48.55            110.8 ± 19.97           0.002      0.001      0.259      0.002

LVEF: left ventricular ejection fraction; AAS: acetylsalicylic acid; PCI: percutaneous coronary intervention; CABG: coronary artery bypass graft; LDL: low-density lipoprotein; HDL: high-density lipoprotein; TG: triglycerides; hsCRP: high sensitivity C-reactive protein; ALT: alanine aminotransferase; WBC: white blood cells; SEM: standard error of the mean. ^a^Severe milking in left anterior descending coronary artery. Data values are shown as mean ± SEM. Significant differences: P \< 0.05.

Patients with CAD compared with controls had more traditional cardiovascular risk factors. Triglycerides (TG), high sensitivity C-reactive protein (hsCRP) and alanine transaminase (ALT) were significantly increased in CAD patients while cholesterol values were significantly decreased, according to statin treatment in this very high-risk population. HsCRP levels were significantly increased in acute CAD vs. chronic CAD patients (43.45 ± 45.31 mg/dL vs. 8.33 ± 11.64 mg/dL; P = 0.05), as well as between acute and chronic CAD and control group respectively (43.45 ± 45.31 mg/dL and 8.33 ± 11.64 mg/dL vs. 0.49 ± 0.5 mg/dL; P = 0.007), with no significant correlation between Cyps and hsCRP serum levels among the groups. In the case of blood cell count, white blood cell, neutrophils, monocytes and hemoglobin were significantly increased in CAD patients as well as glucose levels, while lymphocytes and platelets were not modified. No differences between acute CAD and chronic CAD were observed in the number of coronary vessels involved in CAD and in left ventricular ejection fraction. Otherwise, we observed a significant difference in the complete coronary artery revascularization (70% acute CAD vs. 40% chronic CAD; P = 0.007). Serum levels of CypA, CypB, CypC and CypD are showed in [Table 2](#T2){ref-type="table"}. Considering CAD patients as a group, CypA levels were significantly increased in CAD patients (6.65 ± 0.75 ng/mL compared with control subjects: 2.53 ± 0.53 ng/mL; P \< 0.001). No significant differences were noted between acute CAD group and chronic CAD group (7.80 ±1.30 ng/mL vs. 5.52 ± 0.76 ng/mL; P = 0.134). The CypC levels in CAD patients were significantly higher compared with control subjects (32.42 ± 3.71 pg/mL vs. 9.38 ± 1.51 pg/mL; P \< 0.001), but there were no differences between acute and chronic CAD groups (34.28 ± 5.77 pg/mL vs. 30.56 ± 4.73 pg/mL; P = 0.620). Also, there were no differences between CAD patients and control groups in CypB and CypD levels. No significant differences in the plasma levels of IL-2, IL-6, TNF-α, and MMP-9 were observed when CAD patients and controls were compared. IL-1β shows high levels in CAD patients (with no differences between groups: 3.94 ± 0.42 pg/mL in chronic CAD vs. 3.73 ± 0.37 pg/mL in acute CAD; P = 0.69) than controls (2.71 ± 0.17 pg/mL; P \< 0.001). IL-6 levels were significantly increased in acute CAD vs. chronic CAD patients (8.08 ± 1.59 pg/mL vs. 3.95 ± 0.59 pg/mL; P = 0.019) as well as between acute CAD and control group (8.08 ± 1.59 pg/mL vs. 4.04 ± 0.33 pg/mL; P = 0.015). In the case of IL-8 a significant decrease in CAD patients' serum levels were observed (6.86 ± 0.88 pg/mL for CAD patients vs. 8.17 ± 0.65 pg/mL for control subjects; P = 0.037). The same happens when IFN-γ levels were measured, since a decrease in CAD patients (27.5 ± 2.4 pg/mL in chronic CAD and 27.4 ± 2.7 pg/mL in acute CAD) vs. controls (34.3 ± 2.8 pg/mL; P = 0.03) was observed. MMP-2 levels were significantly decreased, from 120,317 ± 5,068 ng/mL in control subjects to 100,152 ± 3,820 ng/mL in CAD patients (P = 0.003), with no differences between CAD groups (95,434 ± 5,691 ng/mL in acute CAD group vs. 106,524 ± 5,010 ng/mL in chronic CAD group; P = 0.148).

###### Cyclophilins and Inflammatory Markers

                           Controls           Coronary artery disease   P value                                          
  ------------------------ ------------------ ------------------------- ------------------ ---------- ---------- ------- ----------
  Cyclophilins (Cyps)                                                                                                    
    CypA (ng/mL)           2.53 ± 0.53        5.52 ± 0.759              7.80 ± 1.30        \< 0.001   \< 0.001   0.134   0.001
    CypB (pg/mL)           140.2 ± 32.7       181.0 ± 28.2              208.8 ± 44.8       0.387      0.204      0.601   0.353
    CypC (pg/mL)           9.38 ± 1.5         30.56 ± 4.7               34.28 ± 5.8        \< 0.001   \< 0.001   0.620   \< 0.001
    CypD (pg/mL)           125.14 ± 20.5      117.74 ± 11.5             97.68 ± 10.7       0.433      0.431      0.205   0.756
    CypC \> 17.5 (pg/mL)   13.3% (6)          57.5% (29)                72.5% (23)         \< 0.001   \< 0.001   0.245   \< 0.001
  Inflammatory markers                                                                                                   
    IFN-γ (pg/mL)          34.3 ± 2.8         27.5 ± 2.4                27.4 ± 2.7         0.102      0.032      0.989   0.73
    IL-1β (pg/mL)          2.71 ± 0.17        3.94 ± 0.42               3.73 ± 0.37        0.012      0.001      0.695   0.009
    IL-2 (pg/mL)           4.38 ± 0.44        4.87 ± 0.52               4.97 ± 0.51        0.648      0.356      0.891   0.473
    IL-6 (pg/mL)           4.04 ± 0.33        3.95 ± 0.59               8.08 ± 1.59        0.003      0.093      0.019   0.893
    IL-8 (pg/mL)           8.17 ± 0.65        6.70 ± 0.56               7.02 ± 0.75        0.241      0.037      0.738   0.96
    TNF-α (pg/mL)          10.72 ± 0.47       9.76 ± 0.67               9.27 ± 0.64        0.201      0.088      0.605   0.234
    MMP-2 (ng/mL)          120,317 ± 5,068    106,524 ± 5,010           95,434 ± 5,691     0.004      0.003      0.148   0.256
    MMP-9 (ng/mL)          258,804 ± 15,582   245,000 ± 18,292          221,371 ± 20,436   0.333      0.240      0.392   0.565

CAD: coronary artery disease; Cyp: cyclophilin; IFN-γ: interferon γ; IL: interleukin; TNF-α: tumor necrosis factor α; MMP: metalloproteinase; SEM: standard error of the mean. Data values are shown as mean ± SEM. Significant differences: P \< 0.05.

Cyps levels were linked with traditional cardiovascular risk factors. CypA was significantly linked to hypertension, dyslipidemia, smoking, being male and being over 50 years old. CypB was linked to hypertension and being female. However, CypC was significantly linked to hypertension, dyslipidemia, smoking, diabetes and being over 50, but not being male. Finally, CypD was not linked to the traditional cardiovascular risk factors involved in our study ([Fig. 1](#F1){ref-type="fig"}).

![Serum Crps levels ((a) CypA, (b) CrpB, (c) CypC, (d) CypD) in patients with CAD and the relationship with traditional cardiovascular risk factors. Frequency plots: data represented as Cyp levels in x-axis, versus traditional cardiovascular risk factors (hypertension, dyslipidemia, smoking, gender, diabetes and age \> 50 years) in y-axis. CAD: coronary artery disease; Crps: cyclophilins.](cr-11-319-g001){#F1}

ROC curves were calculated on the basis of Cyps levels, using CAD presence or absence as state variable. Higher sensitivity and selectivity values were obtained with CypC. The area under the ROC curve (AUC) (c-statistic) calculated was 0.85, showing a significant value (P \< 0.001) of CypC as predictor of CAD. For CypA and CypB, AUC was also significant, 0.74 and 0.65 respectively, with less predictive power, while CypD values are not useful to predict CAD (AUC: 0.56).

In our study, the optimal cut-off point as CAD marker was CypC \> 17.5 pg/mL, and we recently proposed this value as a novel biomarker of CAD in acute CAD patients \[[@R17]\]. Using this CypC cut-off point, we observed that it was present in 72.5% of acute CAD patients, and 57.5% in chronic CAD patients but only in 11.1% of controls subjects. We also observed that this cut-off point is significantly linked to older age, hypertension, dyslipidemia and presence of CAD and more extensive CAD ([Table 3](#T3){ref-type="table"}).

###### Univariate Analysis of CypC ≥ 17.5 pg/mL: Clinical Characteristics

                                                                CypC \< 17.5   CypC ≥ 17.5   P value
  ------------------------------------------------------------- -------------- ------------- ----------
  Gender (male)                                                 68.1% (47)     21.4% (12)    0.191
  Age                                                           52.8 ± 1.8     64.0 ± 1.6    \< 0.001
  LVEF (%)                                                      54.4 ± 2.1     55.3 ± 1.3    0.697
  Cardiovascular risk factors                                                                
    Hypertension                                                27.5% (19)     48.2% (27)    0.017
    Dyslipidemia                                                36.2% (25)     69.6% (39)    \< 0.001
    Active smoker                                               16.2% (11)     23.2% (13)    0.324
    Diabetes                                                    13.0% (9)      21.4% (12)    0.212
    Family history of CAD                                       15.8% (6)      15.4% (8)     0.958
  Medications                                                                                
    AAS                                                         23.2% (16)     37.5% (21)    0.081
    Clopidogrel                                                 1.4% (1)       12.5% (7)     0.022
    Statins                                                     36.2% (25)     48.2% (27)    0.176
  Coronary artery disease                                                                    
    Yes                                                         42.0% (29)     91.1% (51)    \< 0.001
    No                                                          58.0% (40)     8.9% (5)      
  Number of coronary artery vessels with significant stenosis                                
    0                                                           58.0% (40)     10.7% (6)     \< 0.001
    1                                                           21.7% (15)     32.1% (18)    
    2                                                           7.2% (5)       28.6% (16)    
    3                                                           13.0% (9)      28.6% (16)    
  Type of coronary artery revascularization                                                  
    None                                                        58.0% (40)     16.1% (9)     \< 0.001
    PCI                                                         40.6% (28)     75.0% (42)    
    CABG                                                        1.4% (1)       8.9% (5)      
  Complete coronary artery revascularization                                                 
    No                                                          72.5% (50)     55.4% (31)    0.46
    Yes                                                         27.5% (19)     44.6% (25)    
  Readmission for coronary artery disease                                                    
    No                                                          82.8% (24)     80.4% (41)    0.794
    Yes                                                         17.2% (5)      19.6% (10)    

LVEF: left ventricular ejection fraction; AAS: acetylsalicylic acid; PCI: percutaneous coronary intervention; CABG: coronary artery bypass graft. Significant differences: P \< 0.05.

The cut-off point of Cyp \> 17.5 pg/mL for the diagnosis of CAD had a sensibility of 63.7% and a specificity of 88.9% with a positive predictive value of 91.1% and a negative predictive value of 58.0%. We made three models of logistic regression, with variables that had shown a significant link with the presence of CAD in univariable analysis, in order to explore if this cut-off point was independent from the presence of CAD. This multivariable analysis confirms the strong association of CypC \> 17.5 pg/mL cut-off point with CAD (odds ratio (OR): 56.4; P = 0.019) even when we adjusted with potential confounding factors. Also, total cholesterol, low-density lipoprotein cholesterol (LDL-C), age and male gender are significantly linked to CAD ([Table 4](#T4){ref-type="table"}).

###### Multivariate Analysis: CypC \> 17.5 pg/mL and Related Factors With Presence of CAD

                                                                OR       OR CI 95%       P value
  ------------------------------------------------------------- -------- --------------- ----------
  Model 1: CypC \> 17.5 and clinical variables                                           
    CypC \> 17.5                                                56.808   4.85 - 665      0.001
    Age                                                         1.153    1.05 - 1.26     0.002
    Gender (male)                                               45.4     3.13 - 498      0.005
    Hypertension                                                13.044   1.25 - 135      0.032
    Dyslipidemia                                                9.420    1.55 - 57.1     0.015
    Smoker                                                      18.616   1.75 - 198      0.015
  Model 2: CypC \> 17.5 and analytical variables                                         
    CypC \> 17.5                                                22.6     3.77 - 136      0.001
    Total cholesterol                                           0.830    0.751 - 0.918   0.001
    LDL                                                         1.170    1.05 - 1.30     0.003
    TG                                                          1.051    1.03 - 1.08     0.000
  Model 3: CypC \> 17.5 and clinical and analytical variables                            
    CypC \> 17.5                                                30.7     3.85 - 245      0.001
    Total cholesterol                                           0.963    0.938 - 0.989   0.005
    Gender (male)                                               40.7     4.32 - 383      0.001
    Age                                                         1.215    1.095 - 1.348   \< 0.001

CypC: cyclophilin C; LDL: low-density lipoprotein; TG: triglycerides; OR: odds ratio; OR CI 95%: odds ration confidence interval 95%. Significant differences: P \< 0.05.

Discussion {#s4}
==========

Inflammation has a key role in cardiovascular diseases, and Cyps are implicated in this mechanism \[[@R07], [@R10]\]. CypA plasma levels have been confirmed as biomarkers for CAD, even with prognosis impact in long-term follow-up \[[@R9]\]. On the other hand, the rest of Cyps are not well known yet, and their relationship with CAD is a fact worth studying further. In our study, we described the serum levels of four Cyps and eight inflammation markers in patients with CAD (acute CAD and chronic CAD) and controls, with the objective of looking for association with CAD.

CypA is released to the extracellular media in response to inflammation. CypA is involved in multiple processes such as endothelial dysfunction, modulation of smooth muscle cells, fibroblast and cardiac hypertrophy \[[@R02], [@R05]\]. Even more, CypA levels can be used to predict all-cause death, rehospitalization, and coronary revascularization in patients with CAD \[[@R9]\]. Also, in patients with acute myocardial infarction, platelet-bound CypA was significantly decreased compared with patients with stable CAD \[[@R21]\]. In our study, CypA levels were significantly increased in CAD patients, in the same line of previous studies \[[@R9], [@R14]\].

CypB has a crucial role against ROS and pro-inflammatory status, and their levels were associated with metabolic syndrome, vascular function and heart failure \[[@R02], [@R06]\]. Even though, in our study, we do not find any difference between CAD patients and controls in CypB levels.

Cyp C has a key role in inflammation and has been recently published by our group as a novel biomarker in acute CAD patients \[[@R17]\]. The main finding of this study is that in our population, CypC is strongly correlated with the presence of chronic and acute CAD and with a cut-off point of CypC \> 17.5 pg/mL; we can classify patients of CAD with high sensibility of 63.7% and specificity of 88.9%. In our study, the cut-off point of \> 17.5 pg/mL was associated with more extensive CAD (two or three coronary vessels with significant stenoses in 56% of cases vs. 20.2% in patients with lower levels) and related to the need for coronary revascularization procedures (86.9% vs. 42%, respectively). Therefore, in relation to patients with higher CypC levels, it is a promising and significant marker of complex and diffuse CAD. In addition, CypC levels were correlated with age and higher prevalence of hypertension and dyslipidemia. Moreover, it is the first study showing a significant link between CypC levels with chronic CAD, adding additional information to the classic CAD biomarkers, which only increases in the acute scenario.

CypD has been shown to be also associated with inflammation, atherosclerosis and diabetes. The inhibition of CypD is postulated as a cardio-protection target in ischemia-reperfusion myocardial injury \[[@R22]\]. In our study, no differences in CypD levels were observed between CAD groups.

The pro-inflammatory cytokines play a pivotal role in atherosclerosis. IL-1β is a cytokine that is central to the inflammatory response and that drives the IL-6 signaling pathway. In our study, CAD patients had significantly higher IL-1β serum levels than controls. The CANTOS trial (Canakinumab Anti-inflammatory Thrombosis Outcome Study) provided the first evidence that targeting inflammation in humans with ischemic heart disease could improve clinical outcomes. Treatment with the anti-IL-1β antibody canakinumab significantly reduced recurrent cardiovascular events in individuals with stable CAD well treated with standard-of-care measures \[[@R23]\]. In addition, in a recent study, High levels of IL-1β were more often present in patients with acute coronary syndrome vs. controls (55% vs. 40% vs. 34%, P \< 0.001), and were predictive for all-cause mortality (adjusted hazard ratio (HR): 1.45; 95% CI: 1.16 - 1.82, P \< 0.001) \[[@R24]\].

IL-6 plays a central role in inflammation and tissue injury, and long-term IL-6 plasma levels are linked with CAD risk as strongly as some other major established risk factors \[[@R25]\]. In our study, acute CAD patients had significantly higher IL-6 serum levels than chronic CAD patients. It was recently published that IL-6 was higher in patients with functionally relevant CAD as compared to those without (1.56 pg/mL vs. 1.30 pg/mL, P \< 0.001) \[[@R26]\]. On the other hand, IL-8 is the other cytokine that is involved in the ischemic heart disease and in the post-ischemic tissue repair processes and thus is considered to exert beneficial effects on cardiac function \[[@R27]\]. In this study, patients with CAD had significantly lower levels of IL-8 than controls. Finally, we identify lower levels of IFN-γ in CAD patients vs. controls. It is known that despite its strong proinflammatory effects, IFN-γ also exhibits anti-inflammatory characteristics and, accordingly, is able to manipulate the secretion of both pro- as well as anti-inflammatory signaling molecules.

Taking into account all these observations, it is possible that serum levels of CypC \> 17.5 pg/mL could apply as a possible CAD biomarker in the future.

Limitations {#s4a}
-----------

In this preliminary study, the number of patients studied is small; even so the significance of the relationship between CypC and the presence of CAD is very relevant. Another limitation is the difference in traditional cardiovascular risk factors between the healthy volunteer group and the CAD group. In this regard, we made a multivariate analysis including these variables to confirm the independent relationship between CypC and CAD.

Conclusions {#s4b}
-----------

CypA and CypC levels are increased in CAD patients. No differences in Cyps serum levels between acute and chronic CAD patients were found. High CypC serum levels could be a novel biomarker in CAD patients correlating with a more severe disease.
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